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different thicknesses contrastively. AZ91D magnesium alloys were treated in silicate-containing electrolyte by adjusting the
voltage in order to obtain MAO coatings with different thicknesses, the microstructure, element and phase composition of these
coatings were studied by using SEM, EPMA and XRD, respectively. And the anti-corrosion electrochemical responses of the
coatings were studied contrastively by cyclic voltammetry (CV), potentiodynamic polarization test and electrochemical
impedance spectroscopy (EIS). Anti-corrosion property of AZ91D magnesium alloys is significantly improved after MAO
treatment, and the anti-corrosion electrochemical responses of the coatings with different thicknesses vary. Compared with the
thin coating prepared under low voltage, the closed ring area surrounded by the CV curve and the corrosion current density of
the thick coating prepared under high voltage both reduce about one order of magnitude, and its linear polarization resistance
increases approximately 3.7 times. Meanwhile, its impedance modulus is higher and thus it exhibits more superior anti-corrosion
performance. At the same time, the corrosion processes of two kinds of coatings are different, which can be divided into two
stages for the thick coating, namely, the corrosive medium gradually penetrates into the coating, and then down to the interface
between the coating and the substrate, eroding the substrate. While the deterioration of the thin coating mainly experiences three
stages: the corrosive medium gradually infiltrates into the coating and penetrates through the coating/substrate interface, then
corrodes the substrate, and finally the coating completely fails. In conclusion, the thick MAO coating has weak corrosion
tendency and excellent anti-corrosion property, which is supported by the above three electrochemical testing results that reveal
the corrosion process and mechanism of the thick coating with different degree respectively.

KEY WORDS: AZ91D magnesium alloys; micro-arc oxidation; coating thickness; anti-corrosion properties; cyclic

voltammetry; potentiodynamic polarization curve; electrochemical impedance spectroscopy; electrochemical response
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magnesium alloys under different voltages
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Fig.3 Surface morphologies of MAO coatings with different thicknesses: a) thick coating; b) thin coating
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Tab.1 Composition and content of elementsin the coating
wt.%

Samples Mg ¢ Si Al F

Thick
coating
Thin
coating

Si/Mg

29.8092 52.7521 13.6659 2.0804 1.6922 0.4584

32.1785 53.5856 9.2903 2.8398 2.3396 0.2887
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Thin =149 117x107 105 070 1.68%10°
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Substrate  —1.51 481x10°°  1.35 0.83 3.15x10°
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Tab.3 Fitting EI S data of thick MAO coatings during the early immer sion

Time/h R/(Q-cm?) Q/(F-cm™) n, R/(Q-cm?) Qy/(Frem 2) Ny Ry/(©-cm?)
0.5 8.38 7.75%1077 0.71 1.99x10* 3.48x10°° 0.61 1.42x10°
3 17.45 1.36x10°° 0.66 1.96x10* 4.02x107¢ 0.83 1.31x10*
6 18.40 1.48x10°° 0.65 1.63x10* 5.88%x10°¢ 0.84 9.25%10°
10 13.24 1.45x10°° 0.65 1.17x10* 7.89%x107¢ 0.74 1.07x10*
24 19.33 2.06x10°° 0.63 1.14x10* 8.99x10°° 0.78 1.62x10*
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Tab.4 Fitting EI S data of thick MAO coatings during the late immersion

Time/h  R/(Q:em®) Q,/(Frem™) n, R/(Q-cm®)  Qy/(Fem?®)  n, R/(Q-cm®) R /(Q-cm?) L/H
48 31.31 1.02x1077  0.92 2.37x102 2.34x10°°  0.71 5.39x10° 2.55x10°  1.37x10°
72 34.18 467107 0.88 1.13x10% 3.27x10°  0.77 4.81x10° 3.88x10°>  2.05x10°
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Fig.11 Equivalent circuits of thin MAO coatings after immersion of different duration
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Tab.5 Fitting EI S data of thin MAO coatings during the early immersion

Time/h R/(Q-cm?) Q,/(F-em™) n, R,/(Q-cm?) Qy/(F-cm?) Ny R,/(Q-cm?)
0.5 17.88 1.02x107¢ 0.75 3.97x10° 4.14x107° 0.81 6.78x10*
3 20.06 8.57x1077 0.76 3.31x10° 4.73x107° 0.76 5.85x10%

*k6 HEERGTHHEISHUEER
Tab.6 Fitting EI S data of thin MAO coatingsin the middle of immersion

Time/h R/(Q-em®) Q/(F-em™?) n, R/AQem®) QJ/(Fem?® n, R/(Qem®) R/(Q-em?) L/H
6 13.61 459x107  0.78  2.64x10° 7.12x10°%  0.63  8.39x10* 8.15x10*  5.89x10*
10 20.37 1.34x10°  0.73  3.03x10° 530x10°°  0.79  2.01x10* 5.24x10*  2.55x10*
24 28.25 247x10°%  0.80  4.09x10° 6.22x10°  0.84  1.21x10* 4.03x10°  9.22x10°

x7 HERERAOFHHEISHAEER
Tab.7 Fitting EI S data of thin MAO coatings during the late immersion

Time/h  R/(Q-cm?) Q¢/(F-cm?) N R/(Q-cm?) Cy/(F-cm ?) R./(Q-cm?) R/(Q-cm?) L/H

48 29.58 7.18x107° 0.86 9.88%102 6.02x107° 3.32x10? 236.21 62.32
72 28.88 1.23x107° 0.86 7.48%10? 1.01x107* 2.11x10? 78.93 35.32
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